Objectives: National Comprehensive Cancer Network (NCCN) guidelines for stage III colon cancer define low-risk versus high-risk patients based on T (1 to 3 vs. 4) and N (1 vs. 2) status, with some variations in treatment. This study analyzes the impact of tumor deposits (TDs), T and N status, poor differentiation (PD), perineural invasion (PNI), and lymphovascular invasion (LVI) on survival.
C olorectal cancer remains the third most common cancer and the third leading cause of cancer-related deaths in the United States for both men and women. For colon cancer alone, 101,220 new cases were projected to occur in 2019, causing 51,020 deaths. 1 Despite significant improvements in both prevention and screening over the last twenty years, about 36,500 (36%) of such cases are still being diagnosed in stage III, with regional lymph node involvement (LN + , N1a-b, N2a-b) or tumor deposits (TD + , N1c).
Adjuvant chemotherapy is generally advised after adequate surgical resection, with only slight variations in the choice of agents and duration of therapy. In its October 2018 edition, the National Comprehensive Cancer Network (NCCN) Guidelines recommend 3 months of capecitabine plus oxaliplatin (CAPEOX) or 3 to 6 months of 5-fluorouracil, leucovorin plus oxaliplatin (FOLFOX) for low-risk patients (T1-T3, N1); and 3 to 6 months of CAPEOX or 6 months of FOLFOX for high-risk patients (T4, N2). Single-agent capecitabine or 5-fluorouracil//leucovorin maybe used in patients in both risk groups when oxaliplatin therapy is contraindicated. 2 TDs, also called extranodal TDs, peritumoral deposits, or satellite nodules, are defined as discrete tumor foci in the mesocolic (or perirectal) fat, within the lymphatic drainage space of the primary tumor, but without identifiable residual LN tissue or vascular structures. 3 They were first listed in the seventh edition of the American Joint Committee on Cancer (AJCC) Staging Manual, effective January 1, 2010, under "Regional Lymph Nodes" as N1c, in the absence of LN involvement, indicative of stage III disease. 4 This listing was maintained without changes in the eighth edition in 2018. 5 A few retrospective, mostly single-institution, studies with a limited number of patients had associated the presence of TDs in colorectal cancer with an adverse prognosis, even before such AJCC staging modifications were implemented, and likely prompted such changes. [6] [7] [8] [9] Although it is recommended that the number of TD be recorded in the pathology report, AJCC has not correlated a higher number of TD with staging, unlike LNs (ie, N1 = metastasis in 1 to 3 regional LNs, N2 = metastasis in ≥ 4 regional LNs). In addition, in cases with positive LN, AJCC does not offer a staging option different than number of positive LN alone, regardless of the presence or absence and number of positive TD found in the mesocolon.
Even though the presence of TD in the pathology report for colorectal cancer specimens, even in the absence of positive regional LN, should be classified and treated as stage III, 10 2 recent larger retrospective studies have shown that TD + LN − patients are less likely to receive adjuvant chemotherapy than LN + patients. 11, 12 Such findings appear indicative of an opportunity to improve awareness and understanding of the clinical significance of TDs in colorectal cancer, especially with respect to appropriate risk stratification, choices for adjuvant treatment and more diversified survivorship strategies.
The objectives of this study were multiple: Assess the incidence of TD + in stage III colon cancer, alone (TD + LN − ) and in combination with positive LNs (TD + LN + ).
Analyze the association of TD with T and N status, as well as other known adverse histopathologic features, ie, poor differentiation (PD + ), perineural invasion (PNI + ), and lymphovascular invasion (LVI + ). Assess 5-year survival probability for LN + TD − , LN − TD + , and LN + TD + patients. Determine the hazard ratio of TD + and other adverse histopathologic variables. Determine if a higher number of TD + correlates with a worse prognosis, as is the case for a higher number of LN + . Stratify survival probability for stage III colon cancer patients into low-risk, intermediate-risk, and high-risk categories, on the basis of presence or absence of adverse histopathologic features.
MATERIALS AND METHODS

Data Source
The National Cancer Database (NCDB) is a joint project of the American Cancer Society and the Commission on Cancer (CoC) of the American College of Surgeons (ACS), dedicated to the evaluation, management, and surveillance of cancer patients in the United States. The ACS has executed a Business Associate Agreement that includes a data use agreement with each of its CoC-accredited hospitals. The NCDB was established in 1989 as a nationwide, facility-based, comprehensive clinical surveillance resource oncology dataset that currently captures information on ∼70% of all newly diagnosed malignancies annually in the United States. The database is populated by information entered by certified tumor registrars from CoCaccredited cancer programs.
For this study, we obtained a participant user file to query datasets limited to stage III adenocarcinoma of the colon. We elected to exclude cases of rectal or "rectosigmoid" cancer, which are often managed with neoadjuvant chemotherapy and radiation in stage III disease, with the added variable of the tumor and nodal regression affecting the review of histopathologic features in the resected specimen. Also, we limited our investigation to patients treated with both surgical resection and chemotherapy, to compare more homogeneous groups.
The time frame for data collection ranged from January 1, 2010 (the year in which the N1c designation was implemented) through December 31, 2015, to ensure adequate long-term survival in a sizable number of patients available for statistical analysis. Patient characteristics included sex, age at diagnosis, race/ethnicity, health insurance status, and comorbidities (Charlson-Deyo Score). 13 Charlson-Deyo Score is based on comorbid conditions from listed ICD-9 codes, with a score of 0 indicating no comorbidities, and point values of 1 or 2 being assigned on the basis of number and severity of comorbid conditions. Hospital characteristics included cancer facility type providing care, according to the CoC accreditation criteria, based on the total number of yearly new cancer diagnoses, diagnostic and treatment services, research participation, and residency educational programs (Academic/Research, Community, Comprehensive Community, and Integrated Network Cancer Centers).
Tumor variables included T and N status, histologic grade, LVI, PNI, presence or absence of TD, alone or in combination with LN + status.
Vital status at last contact provided survival information.
Statistical Analysis
The primary outcome of the study was overall survival. Patients were divided into 3 groups according to TD and LN status. Demographic data was stratified into 3 groups: LN + TD − , LN − TD + , and LN + TD + . A χ 2 test was used to compare whether the distribution of the demographic factors was different between the 3 groups. For the distribution of tumor-related characteristics grouped by LN + TD − or LN − TD + versus LN + TD + , the P-values were calculated using a test of proportions. All plots of survival curves were created using groupspecific Kaplan-Meier estimators, and all tests of equality of survival curves between groups were performed using a logrank test.
Five-year survival estimators and associated confidence intervals were calculated using the Kaplan-Meier curves. Hazard ratios were estimated using a main effect multivariable Cox proportional hazards model.
RESULTS
A total of 42,901 patients, who had all the required information in the database, were found eligible and were analyzed in the study.
The mean follow-up time was 40.7 months. Patient demographic factors are listed in Table 1 . There was a difference in the age distribution and insurance status categories among the 3 groups.
A comparison of histopathologic variables is presented in Table 2 , showing that LN + TD + tumors were associated with other adverse features such as T4 status, PD, PNI, LVI, significantly more often than either LN + TD − or LN − TD + tumors. LN + TD + tumors were also associated with N2 status more often than LN + TD − tumors. Estimated hazard ratios, calculated to quantify the contribution to the prognosis of each adverse histopathologic factors, are presented in Table 3 .
Survival probability graphs according to LN and TD status combinations in the 3 groups are shown in Figure 1 . Five-year survivals are shown in parentheses. Overall and 5-year survival was significantly worse for LN + TD + patients (41.5%), than either LN + TD − (59.8%) or LN − TD + patients (58.2%) (P < 0.001).
A subset analysis to address the question of a higher number of TD + possibly having a worse prognosis, as it is the case for a higher number of LNs, is shown in Figure 2 . In fact, LN − patients with ≥ 3 TD + (currently staged as N1c), had an overall survival of 51.4%, worse than those with 1 to 2 TD + (60.6%), but similar to ≥ 4 LN + TD − (currently staged as N2) (48.9%) and 1 to 3LN + TD + (currently staged as N1a-b) (50.7%) (P < 0.01).
Finally, a prognostic stratification into low, intermediate, and high-risk groups was done to assess the cumulative impact of adverse histopathologic variables on survival. Patients with T1-T2 tumors; N1a-b with TD − , or LN − with 1 to 2 TD + ; and negative PD, PNI, and LVI, were assigned to the low-risk group. Patients with T3 tumors; N2 TD − , or LN − with ≥ 3 TD + ; and only 1 positive either PD, PNI, or LVI, were assigned to the intermediate-risk group. Patients with T4 tumors; N2 TD + ; and 2 to 3 positive PD, PNI, and LVI, were assigned to the high-risk group. Five-year survival was 78.1% for the low-risk group, 57.2% for the intermediate-risk group, and 23.4% for the highrisk group (P-values comparing overall and 5-year survival for all 3 groups <0.001) ( Fig. 3 ). 
CONCLUSIONS
The addition of N1c in the AJCC classification of colon cancer staging was prompted by several publications, before 2010. Some investigators focused on appropriate histologic differentiation of TD from LN metastases at the time of histologic evaluation, 8, 12, 14 while noting that interobserver variability among pathologists may at times affect consistent interpretation and reporting. 15 Other authors reported on mostly single-institution data on the adverse prognosis of TD in colorectal cancer, 16, 17 contributing to the AJCC Staging Manual classification changes implemented in its seventh edition.
In a pathology study, the authors opined that "despite the apparent adverse prognosis of TDs, it should be noted that the N1c category does not necessarily imply a worse prognosis than N1a or N1b." 15 However, additional publications in pathology, oncology and surgery journals from larger databases (eg, Surveillance, Epidemiology, and End Results [SEER] and NCDB), provided evidence that the presence of TD in colorectal cancer should be considered a significant adverse prognostic factor for overall survival. [18] [19] [20] [21] [22] [23] [24] A recent study has shown the presence of TD in patients with stage III colon cancer to be associated with a 2.2-fold increased risk of developing disease recurrence. 25 After the eighth edition of the AJCC Staging Manual for colorectal cancer in 2018, which left the N1c classification unchanged, the issue of appropriately assessing the increased risks posed by TD + remains incompletely addressed. The current classification includes only LN − TD + as "low-risk" stage III as N1c, comparable to N1a (1LN + ), and N1b (2 to 3 LN + ). "High-risk" is limited to N2a (4 to 6 LN + ) and N2b ( > 6 LN + ). Over one fourth of stage III colon cancers are TD + . About 20% of stage III colon cancer patients are LN + TD + ; yet only the number of LN + is used for staging purposes, completely disregarding the additional presence of TDs and their "additional" adverse prognostic value. For example, had the TD + lesions been read as LN + , their combined total number may well have made the difference between N1a-b and N2a-b. Finally, in the roughly 7% of stage III colon cancer cases that are LN − TD + , the possible increased risk posed by a higher number of TD + , as it is the case for a higher number of LN + , is currently not addressed by AJCC staging.
Our study's purpose was to conduct a deeper and more focused analysis of the available NCDB data to assess the relevance of those 2 outstanding issues. This study represents the largest NCDB analysis of the impact of TD in the prognosis of stage III colon cancer patients treated with both surgery and chemotherapy, with the longest accrual time (6 years) and longest follow-up for survival figures (up to over 80 mo). A previously published 2010-2014 NCDB review study had evidenced the high incidence of TDs, in ∼25% of all stage III colon cancers, of which 6.8% were LN − TD + , with only 52% of LN − TD + receiving adjuvant chemotherapy. 12 Our patient cohort has a lower incidence of TD + LN − (3.9%), because we limited our analysis to patients who received both surgery and chemotherapy, to have more homogeneous comparison groups, as there is no question about the survival improvement provided by the addition of chemotherapy for all stage III colon cancer patients.
In our data, there was no difference in demographics between the 3 comparison groups (LN + TD − , LN − TD + , and LN + TD + ), with only variations in age at diagnosis and insurance status showing changes in various groups, not clinically relevant to our study purpose (Table 1) .
Other variables, such as T4 and N2, which have been definitively associated with worse survival expectations, have been found to occur more frequently in LN + TD + patients in previous publications. 11, 12, 26 Our data confirmed such association as well: 55.1% for N2 in LN + TD + patients, versus 31.1% in LN + TD − patients; and 36.9% for T4 in LN + TD + patients, versus 19.2% in LN + TD − and 23.5% in LN − TD + patients (P < 0.001). In addition, we found a significant association between LN + TD + patients and other adverse histopathologic features, especially LVI (69.1%), but also PD (37.4%), and PNI (34.5%), prognostic factors known to contribute to poorer longterm survival figures ( Table 2 ). The frequent association between TD + and LVI + may provide additional insight as to the nature and origin of TDs.
We found that each adverse variable carried a significant hazard ratio, which we quantified individually as well as in combination, for a cumulative effect on the mortality probability (Table 3) .
When analyzing our survival graphs ( Figs. 1-3) , it is also apparent that, in poorer risk patients, a rapid decline occurs within 2 years of diagnosis, emphasizing the need for timely systemic treatment of adequate duration. 27 In subsets of TD + patients, survival figures may actually be so poor they resemble stage IV colon cancer, as noted recently by other authors, advocating staging classification changes. 28 In recent years "survival calculators" and "prognostic calculators" have been developed for different cancer sites at some cancer centers in the United States, based on regional as well as NCDB data. 29 The availability of prognostic indicators and risk calculators is becoming part of the assessment and decision-making progress for physicians and patients as well, who increasingly seek more information and involvement in a personalized approach to their care for a variety of medical conditions. 30, 31 Interestingly, the variables utilized differed widely among 3 programs evaluated in 1 study. Age, sex, grade, and a number of total positive/examined nodes were common to all 3 programs, but the total number of items analyzed varied from as few as 5 to as many as 15 out of a possible total of 18. The predicted survival was different among programs, with 1 program being defined as clearly more "optimistic," while the more comprehensive program was more "realistic." The authors concluded that a more comprehensive list of variables would provide a more accurate tool. 32 Of note, to date no survival calculator for colon cancer has included TD status. Data from our study and from other publications addressing the role of TD + in colon cancer would add valuable information for practitioners and patients and maybe considered for inclusion in such "risk calculators." Some authors had hypothesized that a prognostic relationship existed between the number of positive LNs and TD positivity, 33 whereas others proposed that TD + be counted as LN + , to obtain a larger total number. 34 A higher number of TD + maybe associated with a worse prognosis, as it is the case for a higher number of LN + . Therefore, we compared survival probability in certain subsets of patients currently staged as N1 (a, b, or c) and found that to be similar to patients currently staged as N2, depending on TD status. In fact, LN − patients with ≥ 3 TD + (currently staged as N1c) had worse overall survival than those with only 1or 2 TD + (also currently staged as N1c), but similar survival to ≥ 4 LN + TD − (currently staged as N2) and 1 to 3 LN + TD + (currently staged as N1a-b) (Fig. 2) . These observations may prompt consideration of AJCC classification changes, to accurately reflect the additional risk of a higher number of TD + , alone and in combination with number of LN + .
Finally, the survival probability curves that the study generated, on the basis of the type and number of adverse variables, demonstrate the wide range of survival in stage III colon cancer. In patients with the worst possible T, N, TD, PD, PNI, and LVI status (high risk), according to our model, the estimated 5-year survival is only 23.4%, even after receiving chemotherapy at CoCaccredited cancer programs. In the "best-case scenario" stage III, with T1-T2, favorable LN and TD combinations, and no PD, PNI, or LVI (low risk), the survival estimate is as high as 78.1%. The intermediate-risk group was found to have an estimated 5-year survival of 57.2% (Fig. 3) . Such data provide validation of the accuracy of our tumor-related prognostic assessment, which could be combined with clinical individual patient data (eg, age and Charlson-Deyo Score) to better tailor therapeutic strategies in patients with different risk profiles. It appears obvious that such a wide difference in prognosis would warrant a more diversified approach. Particularly for the high-risk patients, with such low survival expectations, a much more vigorous systemic therapy regimens may need to be considered, even in an adjuvant setting. Such a wide prognostic variability should prompt a reconsideration of not only adjuvant therapy regimens but also more diversified survivorship plans, tailored to each subset of patients.
Limitations of this study include its retrospective design, necessary to access such a large multi-institutional database. Also, survival data do not account for disease-free or diseasespecific survival figures, nor do they include disease recurrence or progression. However, a large number of patients evaluated should minimize variation from other causes of death. In addition, no information was available with respect to TD incidence in patients with hereditary or genetic colorectal cancer syndromes. Finally, no detailed information was available about specific chemotherapeutic medications used, other than single or multiple agents.
In conclusion, the incidence of TD + in stage III colon cancer, about 1 in 4 cases, makes it a relevant cancer variable. TD + tumors, when LN + , are frequently associated with other adverse histopathologic features (T4, N2, PD, PNI, LVI). The variability in prognosis for stage III colon cancer is wide enough to merit a more diversified approach in management.
The association of TD + and LN + is indicative of poor prognosis, currently not addressed by AJCC staging, A high number of TDs ( ≥ 3), even in the LN − patients, is indicative of poor prognosis, currently not addressed by AJCC staging.
Therefore, we propose an amendment to the AJCC classification of stage III colon cancer, which would appropriately reflect LN + TD + or LN − ≥ 3 TD + into a new subset category which could be named "N2c." Only patients with LN − , 1 to 2 TD + would remain staged as N1c.
Such modifications should draw greater attention to the issue of TD positivity and prompt appropriate risk stratification, consideration of a more vigorous therapeutic approach and closer survivorship planning for this subset of high-risk stage III colon cancer patients.
